Dr. Joachim Krug, Universitaet zu Koeln (KITP Granular Physics 4-19-05) Mass Transfer Modelsfor Sand Ripples

Page 1

Mass transfer models
for sand ripples

1. Vortex ripples and wind ripples
2. Wavelength selection for vortex ripples

3. Stochastic coarsening of wind ripples
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J. Udesen: PRL 88, 234302 (2002)

E.K.O. Hellén, J.K.: PRE 66, 011304 (2002)
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EXPERIMENTAL SETUP
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Phase diagram

Phasediagram for 1D ripples in annular geometry
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H Ayt (1940)

made with flat bed as the initial condition. The time

used for each measurement was four hours.
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4.2 Wave-only flows

63

3
wt = 150°

W H. Awdersen

(A999)

64 The flow around vortex ripples

Figure 4.5: The flow at wt = 120° for a the wave only situation, but with
Afa = 0.6 (top), A/a = 1.2 (middle) and )\/a = 2.4 (bottom). The legend is
as in figure 4.4,

WK, Avdenew (1999)
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THE MASS TRANSFER MODEL COARSENING DYNAMICS
K.H. Andersen, M.-L. Chabanol, M. van Hecke: PRE 63, 066308
(2001)

Experiment (ripple crests)

e Pattern evolves by mass transfer between
fully developed ripples

w1 ’ | i

e Mass transferred to ripple i from ripples i +1 oo} | | | ” ‘ | ‘ ‘ ’ L
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Simulation (ripple troughs)

e Mass balance:

T

700

A= 2f(N) — fhig1) = F(Ni1) -

4+ relabeling when A\; — 0O 500

. 400 ¢

— uniform pattern \; = X is stable [unstable] 300
when f'(X) < 0 [f"(A\) > 0] j:: |
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EXPERIMENTAL VALIDATION*
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e Selected wavelength: X\/a = 1.25 i : 1
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PARTICLE REPRESENTATION
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MONOTONIC TRANSFER FUNCTIONS

a simple choice: fA) = \7

e v <O Noise-induced coarsening

1
(A) ~ —=Int

Y

o 0 <y <1 (A) ~ ¢1/(1=7)

e Mean field solution for v = 1:

dA
=A@

= AMAo, ) = [ho = F(D)]e!, F(t) = /;dse"‘3</\><s)

initial distribution Py()\) evolves into

P(N) = e 'Py(e A+ F (1))

fraction of surviving ripples:

fy R = eyt 7o) = 0
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Self-consistency condition:

dF e {\)(0)
i = P

with

e '
PS(z) = / dz' Po(z')
oL
(A (1) ~ et
exponential — like Fp

P ~ )—(b+1)

Po ~ (Amax — A)°

= non-universal with respect to /.

e Simulations for v = 1 show universality:

PN = (N THFOV )

with f(z) ~ e ",

(A) ~ el

THE WORM MODEL

B.T. Werner, D.T. Gillespie: PRL 71, 3230 (1993)

« Wind ripples propagate at speed v(\) ~ 1/A

wind
>

v(L)

A

s Ripple i intrudes on ripple i + 1 at rate ~ 1/A;
= N =100 - fiz1), (AN <0

« Uniform pattern is linearly stable, but
logarithmic coarsening X ~ Int
occurs due to stochastic merging

s Solution in “mean field" approximation
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GENERALIZED WORM MODELS

o
v :
Nll .
o
e O
oS = O
£ 0 2 5
E 5 21
~~ 4] . n
- u — —
= o ® v
< S 3 o
_! -n w O 5] O
ar D g =
et & e Q) ¢
= E @ g =
T g 7 sr Q) 3 2 o
- o > 2 =@ ° 9 £
) © © < | O w 3 E
e e e mﬁ ] C o (G
= A — v = O L o O
| o - 5 g X
© i o o 2( O 0 O &
o -H b T - O a £ 2o
S = & 2 B : T -
0 e = 2 ) ’ Y o
wn & m m + O C
o > [«}] T o m
= @ N
2 5 o0 G X o e
® ® & ™

e particle-particle coalescence with

repulsive interactions
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e Key observation: Separation of time scales
hetween mass transfer and extinction

s Stationary product measures in the absence
of extinctions:

Pl{m}] = [[p(m),  p(m) = poa™[(m — T

1

v = 1: Poisson distribution

e Behavior for large m:

p(m) ~ evim) (m)"W”_(l_ﬂp[(m — D

(m?2) — (m)? ~ (m)

e Derivation of the coarsening law:

d{m) ~ p(0)(m) ~ e_v{m)<77.L>“(1—'y)/2

dt

]
[1]0°| 1J02l 1|03 1105 | 165
t
e Diffusive decay of correlations:
2
;I ; — (m
(1) = (mimiq1) — (m)* 12

(m)?

with logarithmic corrections

« KPZ asymptotics g(t) ~ ¢t~ 2/3 expected for
asymmetric mass transfer and ¢ = (Int)37
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JSTAT (2004) P04004

Coarsening dynamics in a vibrofluidized compartmentalized granular gas
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PHYSICAL REVIEW E 69. 031307 (2004)
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FG. 8. (Color online) Morphological evolution of rolling-grain
ripples during the coarsening process for A=2.4 cm, §=670 pm,
d=110 um. Ripple shape after 120 (a), 600 (b), and 2700 (c) os-
cillations. The white rectangles give a vertical scale of 1 mm on
picture (a) and a horizontal scale of 1 ¢cm on picture (¢). Corre-
sponding evolution of the mean ripple wavelength with semilog
axis (d). Open and full circles correspond to two different experi-
ments.
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started with completely regular patterns
formed by pressing down a mould in the
flat bed and then running the system (for a

LI HIPPICS DECOIIC UNISWEDIC L0 ne [orma-
tion of stationary ‘pearls’ in the troughs
between the ripples, which again form a
tilted pattern (Fig. 1¢). Unlike bulging and

Figure 1 Patterns obtained by changing the driving parameters for a tray of sand oscillating in a water tank. a, b, Sequences of pictures
from two experiments in which the amplitude of the drive was changed. The tray area in each is 53 cm x 53 cm; the light source was on
the left and the sand tray was oscillated in the left—right direction; the camera was directly above the sand bed. Below each picture is
shown the central region of the comresponding power spectrum, 2.32 m ™' x 1.16 m~". Numbers in the corners show the period at which
the pictures were taken. For the top row (a), the initial wavelength was 4.2 cm, then the amplitude was 4.0 cm and the frequency 0.41
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